| INTRODUC TI ON
Gliomas represent the most common primary brain tumors, with the most biologically aggressive type, glioblastoma that accounts for more than 80% of malignant glioma. [1] [2] [3] Despite the improvement in multimodal treatment involving surgical resection, radiotherapy, and temozolomide (TMZ) chemotherapy, patients with glioblastoma derive little benefit from the current standard of care. 4, 5 The median survival time of glioblastoma was only 12-15 months, and the 5-year survival rate was only 4%-5%. 6, 7 Recently, substantial efforts have been undertaken in examining molecular mechanisms involved in glioblastoma and allowed for a novel understanding of tumor development and progression.
Circular RNA (circRNA) is a novel type of RNA molecule formed by a covalently closed loop and is found to exist widely in eukaryotes. 8 Emerging evidence indicates that many circRNAs have cell-type-specific expression and are linked to physiological development and various diseases including cancer. 9 Similar to long noncoding RNA, circRNAs can function as a miRNAs sponge and play a role in the pathological process of glioma. 10 For example, upregulated circ-TTBK2 in glioma was found to act as the miR-217 sponge and promote cell proliferation, migration, and invasion. 11 Current studies showed another circRNA hsa_circ_0046701 significantly overexpressed in glioma and functioning as a sponge for miR-142-3p
to promote carcinogenesis. 12 Interestingly, circRNAs were also been found to be targeted by microRNAs that CDR1-AS, a miR-7 sponge, could be degraded by miR-671-5p in glioma. 13 Results: CircRNA microarray revealed a total of 417 abnormally expressed circRNAs (>1.5-fold, P < .05) in glioblastoma tissue compared with the adjacent normal brain.
Hsa_circ_0008344, among the top differentially expressed circRNAs, was significantly upregulated in IDH1 wild-type glioblastoma. Further in vitro studies showed that knockdown of hsa_circ_0008344 suppressed glioblastoma cell proliferation, colony formation, migration, and invasion, but increased cell apoptotic rate.
Conclusions:
Hsa_circ_0008344 is upregulated in glioblastoma and may contribute to the progression of this malignancy.
K E Y W O R D S
apoptosis, glioblastoma, hsa_circ_0008344, invasion, proliferation endogenous circRNAs could encode functional proteins, which was confirmed in glioblastoma that circ-FBXW7 encoded a novel 21-kDa protein FBXW7-185aa and inhibited tumor cell proliferation and cell cycle acceleration. 14 Deep insight into the roles of circRNA in tumor biology of glioblastoma accelerates to pave the way for treating this disease.
In this study, we applied circRNA microarray to investigate the difference between glioblastoma and normal brain and observed a novel circRNA, hsa_circ_0008344, overexpressed in glioblastoma.
Knockdown of hsa_circ_0008344 inhibited glioblastoma cell proliferation, migration, and invasion, and increased cell apoptosis, suggesting that hsa_circ_0008344 might play an oncogenic role in the development and progression of glioblastoma.
| MATERIAL S AND ME THODS

| Acquisition of tissue samples
Ten patients with primary glioblastoma, who underwent surgery at 
| Human circular RNA microarray
Human circRNA expression analysis was performed on 4 pairs of glioblastoma tissue and corresponding adjacent brain tissue.
Total RNA was extracted, of which linear RNA was removed 
| RNA extraction and quantitative real-time PCR
The total RNA was extracted from cell lines using TRIzol Reagent 
| Cell line and culture
The human glioblastoma cell lines (U87 and U251) were obtained from the American Type Culture Collection (ATCC). All cells were maintained in a humidified atmosphere of 5% CO2 at 37°C and cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS).
| Plasmid and lentivirus infection
To establish cell lines in which hsa_circ_0008344 expression would be stably knocked down, the 21-nucleotide sequence (shRNA, 5′-GCCAAGCCAGTTCCATTAAAT-3′) was used to target hsa_circ_0008344.
Sequence (shNC, 5′-TTCTCCGAACGTGTCACGT-3′) served as a control. Corresponding sense and antisense oligonucleotides were synthesized from GENECHEM (Shanghai, China), and then annealed and cloned into the AgeI-EcoRI sites of the GV493 lentiviral vector.
The procedures of packaging and infecting with lentivirus were performed according to the previous study. 
| Colony formation assay
For colony formation assay, 1 × 10 3 cells were independently seeded onto 60-mm culture plates in triplicate. After about 2 weeks, visible colonies were fixed with 100% methanol and then stained with crystal violet. Colony-forming ability was evaluated by counting the number of colonies.
| Transwell assay
Transwell compartments with a 24-well 8-μm pore size (Costar, Washington, DC, USA) were coated with or without Matrigel.
Cells were resuspended in 250 μL serum-free medium and placed in the upper chamber, and 600 μL medium with 20% FBS was added to the lower chamber. After cultured for 36 hours, the migrated and invaded cells on the lower membrane surface were removed with a cotton swab and fixed by 4% paraformaldehyde and stained with crystal violet solution (Sigma-Aldrich, Saint
Louis, MO, USA).
| Cell apoptosis analysis
Cells were plated into 6-well plates at 6 × 10 4 cells/well. Forty-eight hours after transfection, the cells were harvested and washed with PBS. Cellular apoptosis was evaluated by flow cytometry using Annexin V-FITC apoptosis detection kit (BD Biosciences, Piscataway, NJ, USA)
as described by the manufacturer's instructions.
| Statistical analysis
Statistical analyses were all performed by SPSS 19.0 software. Data were calculated from 3 independent experiments presented as the mean ± standard deviation (SD). The difference between 2 groups was analyzed using Student's t test. Difference (P < .05) was considered to be statistically significant.
| RE SULTS
| Human circular RNA microarray identified hsa_ circ_0008344 upregulated in glioblastoma tissue
To investigate the abnormal expression of circRNAs, human circular RNA microarray analysis was performed in 4 pairs of IDH1 wildtype glioblastoma tissue and corresponding nontumor normal brain.
Results revealed there a total of 417 abnormally expressed circRNAs (>1.5-fold, P < .05), of which 136 were increased and 281 were downregulated in glioblastoma ( Figure 1A ). The abnormal circRNA expression profiles in the malignancy provided potential functional circRNAs related to glioblastoma progression. Among the top differentially expressed circRNAs (Table 1) , hsa_circ_0008344 further detected its expression level in another group of 16 IDH1 wild-type glioblastoma samples and 7 normal brain tissues, which confirmed the significantly upregulated hsa_circ_0008344 in glioblastoma ( Figure 1B ).
| Hsa_circ_0008344 knockdown suppressed the proliferation of glioblastoma cells
Given its high level of glioblastoma, hsa_circ_0008344 was targeted to study its possible biological roles in tumor progression. Then, specifically shRNA inhibiting hsa_circ_0008344 was transfected into U87 and U251 cells, and the expression of hsa_circ_0008344 was markedly decreased compared to control groups (Figure 2A ). MTT assay was performed to determine glioblastoma cell proliferation, which showed that hsa_ circ_0008344 knockdown suppressed the proliferation activity in both U87 and U251 ( Figure 2B-C) . Consistently, colony formation assay also revealed fewer numbers of clones in U87 and U251 groups transfected with shRNA compared with that in shNC and blank control cells ( Figure 2D -E).
| Suppression of hsa_circ_0008344 inhibited the glioblastoma cell migration and invasion
To explore the impact of hsa_circ_0008344 on migration and invasion of glioblastoma cells, transwell assays were conducted in the 2 selected cells. As shown in Figure 3A -B, downregulating hsa_ circ_0008344 leads to remarkably impaired migration capacity of glioblastoma cells compared with the shNC and blank control groups.
The transwell assay confirmed the role of hsa_circ_0008344 on cell migration. Moreover, knockdown of hsa_circ_0008344 by shRNA also caused fewer cells traversed the membrane, which indicated a decreased invasive potential of glioblastoma cells (Figure 3C-D) .
F I G U R E 1 Hsa_circ_0008344 is upregulated in glioblastoma. A, Volcano plot of circRNAs. The vertical lines correspond to 1.5-fold up and down, and the horizontal line represents a P value of .05. The red point in the plot represents the differentially expressed circRNAs with statistical significance. B, Hsa_circ_0008344 expression level is examined by qRT-PCR and significantly higher in glioblastoma tissues than normal brain samples (P < .001)
| Hsa_circ_0008344 knockdown promoted tumor cell apoptosis in glioblastoma
We then investigated other aspects of hsa_circ_0008344 functions, such as apoptosis, in glioblastoma by flow cytometry. In accordance with previous results, u87 and U251 cells in the group of depleted hsa_circ_0008344 displayed markedly increased apoptotic rate compared with the shNC and blank control groups (Figure 4 ). The apoptosis assay suggested that hsa_circ_0008344 might have an anti-apoptosis character in glioblastoma cells.
| D ISCUSS I ON
The rapid advances in high-throughput sequencing for noncoding RNA have sparked new interest in circRNA, which is a special class of endogenous RNA, take a great proportion of all spliced transcripts, and wildly exist in human cells. 16, 17 Recent studies have demonstrated that circRNA plays a crucial role in various physiological and pathological processes. 18 Remarkably, hundreds of circRNAs have been shown to be deregulated in distinct cancers, including liver, lung, colorectal, breast, prostate, bladder, ovarian, kidney, and gastric cancer, as well as malignant glioma, and are likely to affect several of the hallmarks of cancer. 19 In our study, we identified a novel circRNA, hsa_circ_0008344, upregulated in glioblastoma in glioma. 12, 28, 29 Furthermore, hsa_circ_0008344 may bind to several miRNAs, such as miR-433-3p and miR-450b-3p, predicted by bioinformatics, while miR-433-3p has been found to suppress cell F I G U R E 3 Hsa_circ_0008344 promotes glioblastoma cell migration and invasion. A-B, Inhibition of hsa_circ_0008344 expression decreases cell migration as determined by transwell assay. C-D, The numbers of invasive cells in the depleted hsa_circ_0008344 groups are much smaller than those in shNC and blank control groups (*P < .05) growth and enhance chemosensitivity by targeting CREB in glioblastoma. 30 Accordingly, it is presumed that hsa_circ_0008344 can sponge tumor suppressor miRNAs followed by disinhibition of the expression of some targeted oncogenic genes, which contributes to glioblastoma progression.
Collectively, the present study was first to investigate the expression and functional role of hsa_circ_0008344 in glioblastoma, which may expedite the appraisal of a novel therapeutic target for this malignancy.
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